In 1882 Langley (1) noticed that a slightly alkaline extract of gastric mucosa contained a material which was not pepsin but which changed into pepsin upon acidification of the extract. This alkalistable material capable of being converted into pepsin is known as pepsinogen. Holter and Northrop (2) partially purified pepsinogen by fractional salt precipitation of an extract of swine stomach muc o s a e .
Method of Isolation
The total pepsinogen in an average swine stomach mucosa is about a gram of which at least 90 per cent is located in that third of the mucosa known as the fundus. The minced fundus mucosae were extracted with a bicarbonate-ammonium sulfate solution followed by precipitation of the soluble pepsinogen at a higher concentration of ammonium sulfate. By this one extraction and precipitation an 80 per cent yield of the total pepsinogen was obtained. The product was 50 times as pure as the starting material and half as pure as the final crystalline product, based on the protein nitrogen analyses. The material at this stage was nearly the same as the best preparations of Holter and Northrop (2) . Further purification of pepsinogen by fractional salt precipitation was unsuccessful. The preparation still contained considerable quantities of carbohydrate as well as protein impurities which were removed by treatment with a copper hydroxide reagent.
When a washed copper hydroxide suspension at pH 6.0 was mixed with a solution of the pepsinogen described just above, practically all of the protein and carbohydrate materials were bound to the copper precipitate. Upon extracting this precipitate with pH 6.8 501 The Journal of General Physiology phosphate buffer, 70 per cent of the pepsinogen went into the solution along with only a few per cent of the impurities. By repeating this treatment with copper hydroxide a pepslnogen preparation was obtained which contained negligible quantities of carbohydrate and less than 5 per cent protein impurities. In fact no detectable improvement in the quality of the pepsinogen has been obtained with any subsequent treatment.
Crystallization of the pepsinogen after two treatments with the copper reagent was carried out by dissolving a 0.7 saturated ammonium sulfate filter cake in 9 volumes of 0.4 saturated ammonium sulfate-~/10 pH 6.3 phosphate buffer and stirring the solution slowly at 10°C. In 6-24 hours the beaker was a swirling mass of very thin long needles of crystalline pepsinogen (Fig, i) .
Tests of Purity
The first evidence of the purity of pepsinogen is a solubility experiment based on the phase rule which states that for a given solvent the solubility of a pure substance is independent of the quantity of solid phase; i.e., the amount dissolved will not vary with the amount of solid. The solubility of pepsinogen in 0.55 saturated ammonium sulfate-~/10 6.8 phosphate buffer was found to be constant over a 20-fold variation in the quantity of solid pepsinogen. The quantity of pepsinogen dissolved was determined in three different ways, namely, estimation of the dissolved protein nitrogen and the amount of pepsin produced upon acidification as estimated by the hemoglobin and rennet methods.
The remaining evidence concerning the purity of pepsinogen is the negative results of numerous experiments designed to separate the hypothetically pure pepsinogen from any impurity. Since the fundamental and characteristic property of pepsinogen is its quantitative conversion into pepsin and since the activity of pepsin can be determined with a precision of nearly 5 per cent, it was this property of pepsinogen (designated as "potential activity") that was examined during the following experiments. The fractionation experiments consist of changing either a small percentage or a large percentage of the pepsinogen by some procedure and then determining the potential activity per milligram of protein nitrogen in either the small percentage that was altered or in the small percentage left unchanged. If a protein impurity is present in the preparation before fractionation then it would be expected that some one of the fractionation procedures would at least partially separate it from the pure pepsinogen and in doing so would raise the potential activity per milligram of protein nitrogen in the other fraction. The procedure used in the first experiment was fractional recrystallization in which both the crystals and the mother liquor were analyzed. It was to be expected that any impurity would tend to come out with the crystals or remain in solution in the mother liquor in some quantity other than just in proportion to the quantity of pepsinogen. Likewise, experiments were performed in which fractionation was carried out after partial heat and alkali denaturation and after partial reversal of completely heat and alkali denatured pepsinogen. In these experiments it was expected that an impurity would be separated into one fraction and would thus raise the potential activity per milligram of protein nitrogen of the other. However, in no case was there any consistent or definite evidence of a fraction having higher potential activity per milligram of protein nitrogen. It is concluded, therefore, that the pepsinogen as isolated, having withstood the available tests for protein purity, is a pure protein to the extent that the methods are precise, about 5 per cent. Table I contains a summary of the properties of pepsinogen and, for comparative purposes, the corresponding properties of pepsin have been included. In general it may be stated that those properties which depend for the most part on the whole molecule are much the same in the two proteins, whereas those properties which are more probably a function of particular groups or structural parts of the protein are in a number of instances different. Thus, the elementary analyses, molecular weights, absorption spectra, and optical rotation are qualitatively the same in pepsin and pepsinogen whereas the enzymatic activity, pH stability range, isoelectric point, amino nitrogen, titration curves, reversibility of heat and alkaline denaturation, and antigenicity (3) are quite different in the two proteins.
Properties of Pepsinogen
Denaturation, one of the most characteristic properties of proteins is so different in pepsin and pepsinogen as to be worthy of particular notice. Alkali denaturation of pepsin takes place at appreciable rates in solutions more alkaline than pH 6.0. This has recently been
.o c~o~ i studied in considerable detail by Steinhardt (4) . The reaction follows a simple unimolecular course with an increase in rate as the pH increases and in concentrated solutions the denaturation is not reversible. Although a detailed study has not been made heat denaturation is not readily reversible and Northrop (5) has shown that it also followed a unimolecular course. Pepsinogen, on the other hand, although denatured by heat or in solutions more alkaline than pH 8.5, is denatured in a completely reversible manner. After complete denaturation, as demonstrated by its insolubility in salt solutions in which the native form is soluble and by the fact that the protein is not converted into pepsin when mixed with acid, the denaturation may be completely reversed and the pepsinogen shown to be native by the same criteria as were used to test for denaturation. Denaturation of pepsinogen is similar to the denaturation of trypsin by heat (6) or of hemoglobin by salicylate (7) . That the denaturation of pepsinogen is a true equilibrium reaction was established by the fact that at any temperature or pH in heat or alkali denaturation the quantity denatured is the same whether that temperature or pH be approached from the higher or lower value, i.e. the quantity of native or denatured protein-is the same when the conditions are approached from the completely native or completely denatured side of the equilibrium. Upon long exposure of pepsinogen to the denaturing agents the reversibly denatured material is slowly changed into an irreversible form. The rate of this change is increased by an increase in temperature or pH and, in the case of the change caused by heat, the reaction follows the course of a unimolecular reaction.
It may be seen from the titration curves of pepsin and pepsinogen that the total number of groups fitrating between pH 6.0 and pH 12.0 is nearly the same in the two proteins but the pH at which the groups titrate is different; i.e., the slope at any pH is not the same for the two proteins. However, the pH at which the groups titrate coincides with the pH at which the corresponding protein is rapidly denatured.
When solutions of pepsinogen are made more acid than pH 6.0 the protein is converted into pepsin. This conversion of pepsinogen into pepsin has been examined from two angles, the kinetic and chemical. In the kinetic study it was found that between pH 4.5-5.0 the course of the conversion is accurately described by a simple autocatalytic equation. That the reaction is autocatalytic means that a product of the reaction, in this case pepsin, catalyzes the reaction and therefore produces more of itself. The reaction is at least partially autocatalytic at pH 0.0 as shown by an increase in the rate of conversion upon addition of pepsin. However, in solutions more acid than pH 4.0 the reaction appears to deviate from the simple autocatalytic. The rate of conversion is greatly increased as the pH decreases with a maximum near pH 1.0. The rate decreases beyond this maximum as the pH decreases and this decrease in activity does not appear to be an acid denaturing effect upon either pepsin or pepsinogen. The presence of salts in the medium has an accelerating effect upon the conversion. The concentration and charge or valency of the ions of the salt are variables which affect the rate. Kunitz and Northrop (8) have noticed a somewhat s{m~lar effect of salt on the autocatalyfic conversion of trypsinogen into trypsin.
A chemical study of the conversion has shown that as pepsin is formed from pepsinogen there is a concomitant cleavage of the pepsinogen molecule. 15-20 per cent of the pepsinogen nitrogen appears in the solution as non-protein nitrogen; i.e., nitrogen not precipitated by hot 2.5 per cent trlchloracetic acid. It was demonstrated that this appearance of non-protein nitrogen in the solution was not the complete digestion of part of the pepsinogen by pepsin by the fact that addition of three times as much pepsin as pepsinogen resulted in the production of the same quantity of non-protein nitrogen upon activation as did the control where activation was spontaneous. It could be supposed that in spite of the tests for purity which showed the pepsinogen preparations to contain little or no protein impurity that there was IS per cent of a foreign protein which consistently resisted fractionation. This was made less likely by some experiments which showed that under widely different conditions of activation the change in non-protein nitrogen varies linearly with the increase in activity and that under these same varied conditions the increase in non-protein nitrogen and activity stop at the same time.
Part, if not all, of this 15-20 per cent non-protein nitrogen is capable of acting as a dissociable inhibitor with pepsin. Its effect is most pronounced at pH 5.8 where the rennet activity of pepsin is measured. Dissociation of the inhibitor pepsin complex takes place in acid so that there is no complicating effect on the hemoglobin activity measurement of activation mixtures. The amino nitrogen of an activation mixture is larger than the original pepsinogen by about nine amino groups per molecule of pepsinogen. It is to be expected that the conversion of pepsinogen into pepsin would result in an increase in amino nitrogen since pepsin is catalyzing the reaction and no linkage other than the peptide linkage is known to be split by pepsin.
It appears then, that upon acidification of a solution of pepsinogen an enzymatically inactive, reversibly denaturable protein with an isoelectric point of pH 3.8 is split at probably not more than nine peptide linkages to produce pepsin, an active, irreversibly denaturable protein isoelectric at pH 2.7, and a non-protein nitrogenous fragment which contains 15-20 per cent of the original pepsinogen nitrogen.
EXPERIMENTAL RESULTS

Preparation of Crystalline Pepsinogen
A detailed account of a typical preparation is presented in Table II . The text of this section includes a description of the first step in the preparation and a discussion of some of the procedures and materials used in the remainder of the preparation exemplified in Table II. The mucosae used throughout this work have been prepared from stomachs of freshly killed swine. The stomach is removed immediately after death, turned inside out, and the contents washed away with cold water. No ill effects will be noticed if the stomachs remain after washing for as much as 5 hours at room temperature but a longer time is to be avoided.
The fundus part is the only desirable portion of the stomach and is accordingly cut out from the remainder with scissors. The fundus is pink or darker in color than the surrounding tissue and may easily be recognized when the stomach is inside out.
The layer of muscle tissue must be separated from the mucosa of the fundus. This is most expediently carried out by first carefully cutting the connecting tissue to allow one to grip the layers separately and then pulling in opposite directions. The fundus mucosa is then placed upon a flat surface and the dinging slime or mucous scraped off with the aid of a microscope slide or any piece of glass having a straight edge. This yellow mucous, if not removed, greatly retards the subsequent purification procedures. Analyses of swine gastric mucous have recently been made (9) . Removal of the slime is followed by a rinse in cold water. The mucosae are now ready for use and may be either minced and extracted immediately or stored in a freezing ice box. Fundus mucosae which had been stored at -13°C. for as long as 6 months exhibited no detectable difference from the freshly prepared ones with regard to either the handling or to the pepsinogen content.
A description of the preparation of the copper hydroxide suspension is to be found in the section of this paper devoted to Experimental methods. The pH of the copper hydroxide suspension is a factor of considerable importance. It must be pH 6.0 -4-0.2 as indicated by brom thymol blue and methyl red. Sulfuric acid and sodium hydroxide may be used to adjust the pH of the suspension to pH 6.0. If the pH is too acid (pH 5.5 or less) activation of pepsinogen takes place and if too alkaline (over pH 6.3) the reaction between the copper suspension and the pepsinogen solution does not give the desired results. Titration of the pepsinogen solution to pH 6.0 ± 0.2 is also necessary for the same reasons. This titration is best carried out with 4 x~ pH 5.0 acetate buffer so that at no time is any portion of the solution below pH 5.0.
Pepsinogen of 1.0-1.5 mg. protein nitrogen per ml. concentration is completely removed from solution at pH 6.0 when mixed with an equal volume of washed copper hydroxide suspension of about molar concentration. Most of the soluble carbohydrate goes with the pepsinogen and the copper hydroxide.
The phosphate-copper-pepsinogen suspension usually has an acidity of pH 6.5 to brom thymol blue. After filtration of this suspension and washing the residue as directed, most of the pepsinogen is found in the filtrate along with only smaU amounts of impurities.
Crystallization
After the second or last copper treatment followed by filtration with 5 per cent Filter Cel, the pepsinogen is precipitated in the following manner: the solution is titrated to pH 6.0 with 4 x~ pH 5.0 acetate and brought to about 0.4 saturation by the addition of 242 gin. solid ammonium sulfate per liter of solution. Now with slow but constant stirring a volume of saturated ammonium sulfate equal to the volume of the 0.4 saturated ammonium sulfate-protein solution is added through a capillary tube dipping below the surface of the liquid. Instead of filtering, the suspension is now stored for 1 or 2 days at 5-10°C. After this time the suspension is filtered with suction on a C.S. and S. No. 575 hardened filter paper without the aid of any Celite and the residue is then stirred in 9 volumes of 0.40--0.42 saturated ammonium sulfate in ~/10 pH 6.25 phosphate buffer at 10°C. The precipitate usually dissolves bat it is very sensitive to the ammonium sulfate concentration. In the event it does not dissolve M/10 pH 6.25 phosphate should be added dropwise until the precipitate goes into solution. Although pH 6.25 phosphate is used the pH of the crystallizing mixture is about pH 5.0 as determined by both the quinhydrone and glass electrodes. This change is due to the effect of the high concentration of salt. If this solution is now stirred slowly but constantly the pepsinogen will crystallize out slowly in long, very thin, fiber-like needles. That crystallization has taken place is first apparent from the silkiness or swirl of the precipitate in the pepsinogen solution. If there is a precipitate but no swirling when stirred, microscopic examination will probably show either typical amorphous material or large spheroids. This condition is brought about by either too high a concentration of ammonium sulfate or incorrect hydrogen ion concentration. It indicates that the pepsinogen has come out too fast. If no precipitate appears in 12-24 hours either or both reasons may be responsible. The ammonium sulfate concentration may be too low or activation of some pepsinogen may have taken place resulting in a mixture of pepsin and pepsinogen from which pepsinogen would not crystallize. Once crystallization takes place the system is allowed to remain unchanged for 24-36 hours. The crystals may then be filtered off or, if a larger yield is desired, the suspension is poured into an evaporating dish, stirred gently, and a stream of air passed over the surface. Other methods of forcing crystallization have not been successful. Fig. 1 is a photograph of pepsinogen crystals. The crystals as they first come out are very thin or narrow and may be missed even by microscopic examination. The best identification of their being crystals is the swirl of a stirred suspension. At times the crystals are so small in diameter that they pass through the filter papers at first and then plug the paper so that filtration is very slow. Although Celite products help somewhat it still required 6-24 hours to filter a few hundred milliliters of suspension. Centrifugation has not been more successful.
Recrystallization
Filter cakes of crystalline pepsinogen differ so radically in their protein content, due to difficulties in filtration, that it is impracticable to outline a definite scheme for recrystallization, in general, the procedure is that used in the original crystallization except that precautions are taken to inactivate any pepsin which may have formed. Since activation is autocatalytic the amount of pepsin present must be minimal if crystallization of pepsinogen is to take place. This is most easily accomplished by making the pepsinogen alkaline just before commencing recrystallization. The simplest scheme is to dissolve the crystalline filter cake in the minimal amount of cold water, titrate it to pH 8.3 (just pink to 0.5 per cent phenolphthalein), warm to 40°C. for 5-10 minutes, cool.to 10°C., and titrate to pH 6.2 (greenish yellow to brom thymol blue) with 4 ~ pH 4.65 acetate, and then add amounts of saturated ammonium sulfate and ~/5 pH 6.25 phosphate to bring the final concentration of protein to 4-5 rag. per ml. and the ammonium sulfate concentration to 0.40-0.43 saturated. If the solution is not clear it should be filtered. Crystallization should proceed as in the original crystallization procedure. If it does not crystallize, precipitate the protein by slowly adding an equal volume of saturated ammonium sulfate and treat as in the scheme for the original crystallization.
Pepsinogen may be kept as a 0.7 saturated ammonium sulfate filter cake in a closed container at 5-10°C. The writer has also found that no loss of activity occurs if a dialyzed solution of pepsinogen is frozen in carbon dioxide snow ("Dry Ice") and then dried in vacuo below 0°C. Although it is too soon to speak from experience with this protein it is to be expected that as a dry powder it will keep better than as a filter cake. 
Tests of Purity
Experimental Procedure
The solubility experiments were carried out at 2I°C. after first bringing to equilibrium the filter cake of twice crystallized pepsinogen and the solvent (~r/50 pH 6.8 phosphate -0.55 saturated ammonium sulfate). This was accomplished by stirring the cake with a succession of 100 ml. allquots of the solvent until three consecutive filtrates were the same with respect to activity and protein nitrogen. Different amounts of the suspension were then added to a series of tubes and supplementary amounts of solvent were added to each tube to bring them to the same volume. 2.25 ml. of 0.0444 z~ phosphate buffer was then added to each tube which brought about solution of the precipitate. With rapid stirring 2.75 ml. of saturated ammonium sulfate was added. The suspensions were faltered and aliquots of the filtrate~ activated and analyzed for activity by the hemoglobin and rennet methods. Other aliquots of the filtrates were analyzed for protein nitrogen after diluting to contain approximately 0.03 mg. protein nitrogen per ml. The analysis was carried out by adding 1.0 ml. of the diluted solution to 10.0 ml. of boiling 2.5 per cent trichloracetic acid and measuring the quantity of precipitate formed in a Duboscq type photoelectric colorimeter. A solution of copper sulfate was used as the standard in the colorimeter and a reference curve was obtained using known quantities of pepsinogen similarly treated. Jf Analyses of this mother liquor revealed that activation had taken place to a high degree. This is indicated also in the high [a]a and Hb [P'U']mg. P.N.
Fractionation
Experiments.--Fractionation of pepsinogen was carried out by a number of procedures which are summarized as follows:
A.--Three fractional recrystallizations in which all fractions were analyzed for protein nitrogen, hemoglobin activity, and optical rotation. These results are to be found in Table III. B.-Salt fracfionation after partial heat denaturation at pH 7.0 and 55°C., 60°C., and 65°C.
C.--Salt fractionation after partial reversal at pH 7.0 and 55°C., 60°C., and 65°C. of completely (70°C.) denatured pepsinogen.
D.--Salt fractionation after partial denaturation at 25°C. and pH 9.1, 9.4, and 9.8.
E.--Salt fractionation after partial reversal at 25°C. and pH 9.5, 8.5, and 8.3 of completely (pH 10.5) denatured pepsinogen.
Fractions in B, C, D, and E, were analyzed for protein nitrogen and hemoglobin activity and the results are given in Table IV . These experiments are a part of those described in the sections on Reversible heat denaturation and Reversible alkali denaturation. 
Properties of Pepsinogen Elementary Analyses
The analyses are given in Table V . The high ash content in all preparations was mostly sodium and magnesium which remained combined with the protein on the alkaline side of the isoelectric point, even on long dialysis.
The percentage sulfur is less than that reported by Northrop (5) but it is nearly the same for pepsin and pepsinogen.
Pepsin from Pepsinogen
It is of primary importance that the material isolated and called pepsinogen yield pepsin upon activation. Consequently crystalline pepsinogen was activated and the pepsin thus formed twice crystallized. This material was analyzed along with a sample of crystalline pepsin prepared in the manner described by Northrop (5) from commercial pepsin. * Unless otherwise noted the analyses were micro-analyses and were made by Dr. A. Elek of Dr. P. A. Levene's laboratories.
t The Kjeldahl nitrogen estimations were carried out as previously described (11) .
Carried out by the writer using the method of SCrensen (10).
Most of the analyses and comparisons are to be found in the tables to follow under the specific properties. The crystalline form, optical rotation, and specific activities of the pepsin prepared from crystalline pepsinogen were similar to those properties of crystalline pepsins from commercial preparations. This is, of course, to be expected since the commercial pepsin is swine pepsin and came originally from swine pepsinogen.
PROPERTIES OF SWINE PEPSINOGEN
Proteolytic A ctivity of Pepsinogen
It was of interest to see if pepsinogen had any proteolytic activity. Most pepsin activity measurements are carried out under conditions which would normally activate pepsinogen rapidly. However, two methods of estimation, the rennet and gelatin viscosity methods are carried out at pH 5.8 and 4.7 respectively. At these acidities the extent of activation of pepsinogen is not appreciable in the time required for measurement. * With the exception of the rennet method the methods were carried out as described by Northrop (12) .
t Described in detail in the section devoted to Experimental methods. Explained in the text of this paper.
As seen from Table VI , pepsinogen is practically inactive proteolyrically, as measured by its milk clotting activity and its action on gelatin.
Reversible Heat Denaturation
In the absence of salt, pepsinogen solutions may be heated to 100°C. without the formation of a visible precipitate. Upon cooling the solution and analyzing for pepsinogen it is found t h a t a large proportion of the pepsinogen is indistinguishable from the pepsinogen before heating. T h a t heating to 70-100°C. actually denatures pepsinogen is indicated by the fact t h a t a salt solution (~¢/1 magnesium sulfate) just sufficient to precipitate the pepsinogen above 70°C. has no precipitating effect on the pepsinogen at 50°C., nor upon the "reversed" pepsinogen. Also the soluble denatured protein is not converted into pepsin upon acidification. Two independent methods of estimating the extent of denaturation were based on these facts and were used in the experiments shown in Fig. 3 .
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IOOq ~ e-Reversed pepsinog~ by ac" " y measu e e e I ~ a-Reversed Pepsino~en by nitrogen measurements t SO ~ ---Values from van~lH~f~ equatien when AFI~ .~. ~ 3t,O00 cal. and K*I at 59"£. Procedure,/.--Approaching from the native or "activatable" side of the equilibrium; to each of two 30 ml. test tubes was added 5 ml. of the pepsinogen solution. These tubes were kept in a water bath at the desired temperature (50°C., 55°C., 50°C., 65°C., or 70°C.) for 10 minutes after which the solution in one tube was mixed with 5 mh of 2 ~ magnesium sulfate at the same temperature, while the solution in the other tube was mixed with 5 ml. of N/20 hydrochloric acid also at the same temperature. The solution containing the magnesium sulfate was filtered and an analysis for nitrogen by the Kjeldahl method was performed on the clear filtrate. The solution to which had been added the N/20 hydrochloric acid was allowed to stand at 35°C. for 5 minutes after which it was diluted and activity measurements performed by the hemoglobin method.
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//.--In approaching from the denatured or "unactivatable" side of the equilibrium two 5 ml. portions of the pepsinogen solution were heated to 70°C. for 5 minutes followed by cooling to the desired (50°C., 55°C., 60°C., 65°C.) temperature for 5 minutes after which 1 aliquot was mi~ed with 5 ml. of 2 ~ magnesium sulfate while the other was mixed with N/20 hydrochloric acid. Both of these reagents were kept at the temperature to which the protein solution had been cooled. The solutions were then analyzed as described in I for the solutions which were heated to the temperature for 10 minutes.
At about 59°C. pH 7.0 and with 1.0 nag. protein nitrogen per ml. the denaturation equilibrium of pepsinogen is near the mid-point;
i.e., half the protein is denatured and half is native. The value of A H, the energy of the reaction, taken from van't Hoff's equation AH hK = --~-~+ C is 31,000 calories in the equilibrium shown in Fig. 3 .
Secondary Heat Change
Heating to 100°C. gradually converts reversibly denatured pepsinogen into an irreversible form. This may be seen graphically in where the logarithm of the reversible potential hemoglobin activity is plotted against the time. It is apparent that whatever the nature of the change it follows a first order reaction.
Experimental Procedure
Two 15 ml. aliquots of a dialyzed pepsinogen solution at pH 7.0 containing 1.0 rag. protein nitrogen per ml. were heated at 70°C. and 100°C. At intervals of time 2 ml. samples were removed, cooled to 35°C. for 30 minutes, followed by addition of 2 ml. of N/20 hydrochloric acid. Mter 10 minutes allowed for activation the samples were diluted and the activity determined by the hemoglobin method.
Reversible Alkali Denaturation
Alkali denaturation of pepsinogen is a true equilibrium reaction as shown in Fig. 5 , by the fact that at any pH between pH 8.5-10.5 nearly the same amount of native or denatured pepsinogen is obtained regardless of whether that pH is arrived at by raising the pH Procedure, /.--Approaching from the native side of the equifibrium; two 0.5 ml. aliquots of the pepsinogen solution were added to two 4.5 ml. aliquots of M/10 borate buffer of various pH values. After standing 5 minutes at 25°C., 5 rol. of a 2 x¢ magnesium sulfate in hydrochloric acid and 0.4 M pH 4.65 acetate was added to one aliquot and 5 hal. of N/5 hydrochloric acid was added to the other. The hydrochloric acid in the salt solution was of such a concentration as to just neutralize the borate buffer. The protein salt solution was filtered and the nitrogen determined in the dear filtrate. Activity estimations by the hemoglobin method were made on N/5 hydrochloric acid-protein solution.
//.--Approaching from the denatured side; 0.5 hal. aliquots were mixed with 4.5 ml. aliquots of M/10 pH 11.0 borate buffer, the final pH being 10.5, were allowed to stand 1 minute at 25°C. which was found to be long enough to completely denature pepsinogeu. They were then mixed with 5 ml. of hydrochloric acid of just sufficient strength to change the pH to a desired value (pH 9.4 or 8.5) where the solutions were allowed to remain for 4 minutes. At this time, one aliquot of pepsinogen was mixed with 10 ml. 2 ~ magnesium sulfate in 0.4 M pH 4.65 acetate while the other was mixed with 10 ml. N/5 hydrochloric acid. These aliquots were then analyzed for nitrogen and activity as in I, the difference in dilution being considered.
The alkali denaturation of pepsin is almost an irreversible reaction when the protein concentration is comparable to t h a t used in the pepsinogen experiments. A careful study by Steinhardt (4) brings out t h a t the alkaline inactivation of pepsin is a first order reaction the rate of which is a function of the ionization of five titratable groups. He has suggested t h a t the amino groups of cystine in pepsin m a y be involved. This seems unlikely to the writer who found t h a t acetylation of the amino groups of pepsin had no detectable effect on the alkaline inactivation of the acetylated enzyme (13) .
Secondary Alkali Change
Between p H 8.5 and 10.5 practically complete reversal of denaturation can be effected if the exposure to the alkali is for a short time.
As the time of standing increases the extent of the reversal decreases. Fig. 6 shows the results of an experiment in which a solution of pepsinogen stood at p H 10.5 and 25°C. for varying lengths of time after which reversal of denatured pepsinogen was allowed to take place for 30 minutes and the extent of reversal then determined. I t m a y be seen from Fig. 6 t h a t the denatured pepsinogen slowly changes into an irreversibly denatured form.
Experimental Procedure
0.5 ml. of a dialyzed solution of pepsinogen at pH 7.0 containing 10 mg. protein nitrogen per ml. was added to 4.5 ml. of ~/10 pH 11.0 borate buffer bringing the pH to 10.5. At intervals of time 1 ml. of this solution was added to 1 ml. of 0.075 N hydrochloric acid which changed the solution to pH 8. stand at 250C. for 15 minutes, which is sufficient to completely reverse the alkaline denaturation. After this 2 ml. of ~/10 hydrochloric acid was added and 10 minutes allowed for complete conversion of pepsinogen into pepsin after which it was diluted and the activity estimated by the hemoglobin method. Table VII contains the amino nitrogen analysis of pepsinogen with pepsin as a control. Apparently the pepsinogen reacts with nitrous acid before it becomes activated since the value by the Van Slyke gasometric nitrous acid method (14) is not more than that by the formol titration, the latter method being carried out above pH 7.0. Pepsin contains less amino nitrogen than pepsinogen. This difference will be discussed in more detail later but it may be said here that part of the pepsinogen containing a relatively large amount of amino nitrogen is split off from pepsinogen upon its conversion into pepsin.
Amino Nitrogen
Experimental Procedure
The pepsin was dialyzed 24 hours at 10°C., first on the acid side of the isoelectric point against 0.02 N hydrochloric acid and then titrated to pH 4.5 and dialyzed 24 hours against M/1000 pH 4.65 acetate buffer. The pepsinogen was dialyzed 24 hours at 10°C. against M/1000 pH 6.8 phosphate buffer, then solid potassium sulfate was added to bring the solution to approximately 0.5 •. This was then dialyzed 24 hours at 10°C. against ~/1000 pH 6.8 phosphate. These procedures were designed to remove or displace all split products and ammonium ion bound as the salt of the protein.
The formol titration was carried out by the procedure described by Northrop (15) . 50-150 mg. of protein were used for each titration.
Denaturation was carried out by precipitating 50-150 mg. of protein with 5-10 volumes of the following reagents: 2.5 and 10 per cent trichloracetic acid; and by 0.5 M potassium sulfate. The protein was filtered or centrifuged and dissolved in dilute alkali. After solution of the precipitate the titration was carried out as usual except the solutions in which too much alkali was used to dissolve the precipitate; acid was added to bring them to pH 7.0.
In the Van Slyke gasometric procedure (14) the same amount of protein was used and denaturation was the same as in the formol titration experiments. After mixing the protein with the nitrous acid the chamber was shaken for 2 minutes, allowed to remain quiet for 23 minutes, and followed by a final shaking of 5 minutes.
Isoelectric Point
The isoelectric point of pepsinogen was determined by cataphoresis measurements (16) of pepsinogen coated collodion particles suspended in ~r/10 acetate buffers of various pH values. By this method an isoelectric point of 3.7 was obtained. Reproducible values of unactivated pepsinogen were obtained by working rapidly with dilute solutions of pepsinogen although activation takes place at this pH.
The isoelectric point was also determined by finding the pH at which either the minimal amount of alcohol precipitated pepsinogen or the maximum precipitate was obtained with a constant amount of alcohol. This work had to be carried out at 0°C. and as rapidly as possible to obtain a reading before appreciable activation took place. The breadth of the isoelectric region by these methods is certainly between pH 3.6 and 4.3 with 3.9 as the most likely isoelectric point. The isoelectric point of pepsin is pH 2.7 (5).
The pH measurements were made with a quinhydrone electrode standardized against known solutions of buffers.
Titration Curves
Complete titration curves of pepsin and pepsinogen might lead to a correlation of certain titratable groups with particular properties of these proteins. Such correlation would be of greatest interest in the region of the titration curve from pH 1.0-5.0 where pepsin is catalytically active and pepsinogen is inactive. In this range, however, the titration curves could not be obtained with the degree of precision necessary for such a correlation.
On the other hand, the titration curves of these two proteins could be determined at pH more alkaline than pH 4.0 and the differences noted correlated with certain properties, namely the stability of instability at given alkalinities. In Fig. 7 are the curves showing the amount of alkali combined per gram of protein.
Experimental Procedure
Solutions:
Pepsin.--2 times crystallized, dialyzed against ~/1000 pH 4.65 acetate buffer and against 0.02 N hydrochloric acid followed by just enough alkali to dissolve. 7.5 rag. total nitrogen per ml.; 0.4 rag. non-protein nitrogen per nil., [P. U.] ,~.H~.N. 0. 25. Pepsinogen.--Dialyzed, brought to 0.5 M with solid potassium sulfate, and dialyzed 24 hours to remove this salt and any ammonium ion. 6.3 mg. total nitrogen per ml., 0.0 mg. non-protein nitrogen per ml.
Procedures.--50 ml. of the pepsin plus 1 ml. of 5.0 N sodium chloride were introduced into the titrating chamber at 25°C. and the titration carried out with 5.0 N sodium hydroxide led into the solution from the capillary outlet of a microburette. The capillary tubing extended below the surface of the solution. 50 ml. of the pepsinogen solution plus 1 ml. of 5.0 N sodium chloride were cooled to 10°C. and mixed rapidly with 0.13 ml. of 5.0 N hydrochloric acid. This was done to obtain the minimum activation and yet the lowest pH on the activation curve. Less than 5 per cent activation occurred. The pepsinogen solution was then warmed to 25°C. and poured into the titrating chamber and titrated with the same technique and alkali as was the pepsin. The electrodes were checked against M/10 pH 4.65 acetate buffer and read 0.515 volt. The solutions were made M/10 with respect to sodium chloride in order to raise the conductivity of the dialyzed protein solutions as well as to have the variation in ionic strength minimized during the experiment.
Apparatus.--The writer has found it convenient to run the titrations in an enlarged modified Clark rocking hydrogen electrode chamber. The chamber of 125 ml. capacity accommodates 50 ml. of solution nicely. The hydrogen passes over the solution and saturates it as it rocks without any appreciable foaming. The platinized electrode is in and out of the solution as the angle of the chamber changes. A fresh saturated potassium chloride contact is made through a threeway stop-cock stuffed with cotton to minimize diffusion. The arrangement is such that the saturated potassium chloride in the stop-cock is washed out in between each reading and replaced with fresh saturated potassium chloride.
Water Correction or Blank.--The correction for the quantity of alkalinecessary to bring an equal volume of water to the various pH was experimentally determined with an equal volume of M/10 sodium chloride using the same alkali, apparatus, and technique as in the protein titrations. This avoids errors due to factors such as carbonate in the alkali, etc.
The pepsinogen titration curve I I was started at the lowest p H at which reproducible values of pepsinogen could be obtained before activation proceeded to an appreciable extent. In the time required for the measurements of pepsinogen in the region of p H 4.4 there was less t h a n 5 per cent activation. Curve I was started at the most acid p H at which the pepsin solution could be titrated w i t h o u t the protein precipitating from solution. Since the p H at which the titrations were started are not the isoelectric points of the two proteins curves I and I I of Fig. 7 are not titration curves in the ordinary sense of the term. However, t h e y do serve to show differences in the a m o u n t of alkali bound to the two proteins at various p H which in turn m a y be interpreted as meaning t h a t there are more groups being titrated at a given p H in one protein t h a n in the other.
Curve I I I is curve I plotted so t h a t the value at p H 6.0 is the same as the p H 6.0 value of curve II. B y so arranging t h e m one can visually compare the slopes of the two curves at any p H .
I t m a y be seen from curves I I and I I I of Fig. 7 t h a t between pH 6.0 and pH 9.0 pepsin (curve III) binds 0.3 more millimols of alkali per gram of protein than does pepsinogen (curve II). In this region of alkalinity pepsinogen is unchanged, i.e. remains native, whereas pepsin is irreversibly denatured. Beyond pH 9.0 the pepsinogen curve rises sharply and approaches the pepsin curve at pH 12.0, indicating that pepsinogen has more groups titrating beyond pH 9.0 than does pepsin. Pepsinogen is also denatured by alkali but only beyond pH 9.0. This denaturation is, however, largely reversible (see section on Reversible alkaline denaturation). As may be seen in Fig. 7 
Molecular Weight
There must be a difference in the molecular weights of pepsinogen and pepsin and the former must be the larger for, as will be explained more fully in a later section of this paper, conversion of pepsinogen into the active enzyme results in two substances--pepsin and a fragment the nitrogen of which is 15-20 per cent of the pepslnogen nitrogen.
Experimental Procedure
The protein solutions plus the amount of ammonium sulfate to bring them to the desired concentration were placed in collodion bags and connected to mercury filled manometers. A marble inside the membrane insured constant stirring. The membranes were surrounded by 400-500 ml. of the corresponding salt solution and the units rocked slowly in a thermostatically controlled room at 10°C. Each figure in Table VIII is the result of at least three readings taken at 12-24 hour intervals after the equilibrium was established. The protein estimation was made by Kjeldahl nitrogen determinations. The factor 7.0 was used to convert nitrogen analyses into amount of protein. 4-3,000
The figures in Table VIII reveal that the molecular weights calculated from osmotic pressure measurements bear out the above conclusion. The precision of the osmotic pressure measurements is such that one cannot be certain about the actual difference in the molecular weights. However, the difference is in the right direction and of the right order of magnitude.
Tyrosine-Tryptophane Content
In view of the writer's previous work (13, 17, 18) on the relafionship of tyrosine of pepsin to its enzymatic activity it seemed worth while to see if the tyrosine of pepsinogen differed in content or reactivity from t h a t in pepsin. When an estimation of the content was made with Folin's phenol reagent and the color allowed to develop at p H 8.0 there was a decided difference in the values of pepsin and of pepsinogen, as shown in Table IX . I t has been pointed out by Mirsky and Anson (19) t h a t the tyrosine phenol groups of denatured proteins react more readily with reducing agents t h a n when the protein is native. In view of the fact t h a t pepsinogen is native at p H 8.0 whereas pepsin is denatured, it was Inecessary to determine whether the difference in the amounts of these amino acids was due to a difference in the reactivity of the tyrosine, or to the fact t h a t the conditions were not comparable; i.e., the proteins were not b o t h native or both denatured while being measured.
Experimental Procedure
Conditions for Color Development ptt 8 .0.--The solutions, reagents, concentrations, etc., are similar to those previously described (17) . One difference exists, namely that the 5 ml. of alkaliphosphate solution was mixed with the 3 ml. of Folin's phenol reagent before they were added to the protein solution. If the acid phenol reagent were added to the protein solution before the alkaline solution was added activation might have occurred in the case of pepsinogen. On the other hand, if the alkaline solution were added first it would have denatured the pepsinogen. By mixing them together and then introducing them into the protein solution the pH never got above or below pH 8.0 4-0.2. The mixing must be rapid and even then occasionany a precipitate developed in the phenol reagent-alkaline phosphate mixture. When this occurred the sample was discarded for only clear solutions should be compared in a colorimeter. pH 11.0-12.0.--To 19 ml. of a solution containing 1.5-2.0 mg. of protein was added 3 ml. of a one to three dilution of Folin's phenol reagent, followed by 3 ml. of 1.25 N sodium hydroxide solution. The solution at room temperature was read after 5 minutes against a similarly treated 0.15 nag. of tyrosine.
The results of the experiments on this point are given in Table IX . When the color reagent was applied in strong alkali, i.e. p H 11.0-12.0 or at p H 8.0 and 70°C., where pepsinogen is denatured, the values of pepsin and pepsinogen were nearly the same, showing t h a t there is not an appreciable difference in the amount of the color giving amino acids present in the proteins but t h a t the native and de-natured forms of pepsinogen behave differently in their action with the phenol reagent. It has not been found possible to determine the reactivity of tyrosine in native pepsin and a comparison of the native proteins is therefore impossible from this point of view.
Optical Rotation
From the figures in Table X it appears that pepsinogen has a lower specific optical rotation than does pepsin. It also shows that crystal- line pepsin from pepsinogen has the same optical rotation as crystalline pepsin prepared from the commercial products by the methods previously outlined (5) .
Carbohydrate
The carbohydrate present in purified pepsin and pepsinogen preparations is less than 0.1 per cent which is less than 0.2 tool of hexose per tool of protein. It is therefore not to be considered as an intrinsic part of the protein molecule. The methods used were essentially those of S~rensen and Haugaard (20) and of Elson and Morgan (21) the modification of the former being described under Experimental methods.
Ultraviolet Absorption Spectrum
Although the plotted curves of the ultraviolet absorption spectra of pepsin and pepsinogen are indistinguishable, nevertheless a consistent difference exists which may be recognized on the plates. One of the tyrosine bands in pepsinogen is different from that of pepsin. The writer is indebted to Dr. George I. Lavin for these measurements.
Serology
A detailed account of this subject has been given by Seastone and Herriott (3) .
Conversion of Pepsinogen into Pepsin
When solutions of pepsinogen are made more acid than pH 6.0 the protein is converted into pepsin. This conversion has been studied from two different angles.
Kinetits of Conversion.--As stated in the preliminary report (22) , the conversion of pepsinogen into pepsin is an autocatalytic reaction at pH 4.6. Fig. 8 shows graphically the analyses of a conversion experiment in which the activity was determined directly by the gelatin viscosity method [P.U.] G°1-v and indirectly by the hemoglobin method [P.U.] ab. The hemoglobin method as carried out measures the pepsinogen from which pepsin value is obtained by difference. It may be seen from Fig. 8 that the values by both methods fall reasonably close to the theoretical curve calculated from the average value of K using the simple autocatalytic formula This equation also describes the conversion of trypsinogen into trypsin (23) . A is the activity at time t, A, is the final or equilibrium activity, and A0 is the initial value of A or activity at zero time.
Experimental Procedure
To 35 ml. of a dialyzed solution of 3 times crystallized pepsinogen at pH 7.0 containing 1.4 nag. protein nitrogen per ml., was added 13.0 ml. of ~/1 pI-I 4.5 acetate buffer. The entire system was kept at 25°C.
Hemoglobin Activity.--0.5 ml. aliquots of the activation mixture were added to 0.5 ml. of saturated (0.3 N) borax making the solution pH 8.0. This inactivates the pepsin present. Mter 5 minutes these solutions were acidified to pH 1.O-2.0 where they were allowed to activate completely for 10 minutes. Activity was then determined in the usual way by the hemoglobin method. Gelatin Activity. The gelatin activity was determined directly on aliquots of the activation mixture by measuring the change in viscosity of an isoelectric (pH 4.7) gelatin solution as described by Northrop (12) .
The autocatalytic constant K for the experiment in Fig. 8 in hemoglobin activity units is 3.0 :t: 0.1, i.e. when 1.0 mg. of pepsinogen nitrogen per ml. is activated at p H 4.6 at 25°C. with a unit time as 1 hour and A expressed in hemoglobin activity units the fractional increase in A is 3.0 times per hour.
The conversion reaction rate varies enormously with pH. It is hardly perceptible at p H 6.0 while at p H 4.0 it is relatively rapid; i.e., 1 mg. protein nitrogen per ml. at 25°C. activates in about 30 minutes. Near pH 1,0 where the rate is at a maximum it is of the order of 100 times the rate at pH 4.0. In solutions more acid than p H 4.0 the kinetics of activation appear to be not the simple autocatalytic reaction noted between pH 4.5-5.0 though it can be demonstrated that it is at least partially autocatalytic as far acid as pH 0.0. This is shown by an increase in conversion rate by the addition of pepsin.
Activation rates are greatly increased by the presence of salts. Kunitz and Northrop noted a similar increase by salt in the activation of trypsinogen (8) . The increase in the rate of conversion of pepsinogen by salt seems to be a function of charge or valency of the ions of the salt as well as the concentration of the salt. A shift in p H by the salt explains part of the increased rate of activation but there is still a definite effect which appears to be related to the presence o f the salt at least in the case of magnesium sulfate at pH 4.0.
Chemistry of Conversion.--When pepsinogen is changed into pepsin
there is a concomitant production of non-protein nitrogen (nitrogen not precipitable by 2.5 per cent trichloracetic acid) to the extent of 15-20 per cent of the pepsinogen nitrogen. This is shown clearly in Fig. 9 . Although the conversion was carried out under a number of different conditions of pH and temperature of which only two are shown the points all fall close to the same line in Fig. 9 . That the line is straight in such a differential plot as A in Fig. 9 for two different sets of conditions and that the increase in nonprotein nitrogen stops at the same time that the increase in activity stops, as shown in B of Fig. 9 , seems to exclude the possibility of this phenomenon being a coincidental digestion of a small amount of protein impurity. It cannot be supposed that the increase in non-protein nitrogen is the complete digestion of part of the pepsinogen protein by pepsin since, as is shown in Table XI, the same amount of non=protein nitrogen is produced from a given amount of pepsinogen even though three times the quantity of pepsin is added at the start.
Experimental Procedure pH 2.0 Experiment.--To 15.0 ml. of dialyzed pepsinogen at pH 6.8 containing 5.5 rag. protein nitrogen per ml. cooled to 0°C. was added 14.0 ml. N/10 hydrochloric acid and 11.0 ml. water both of which had been cooled. At definite intervals of time 4 ml. aliquots of this solution were added to 1.0 ml. of 0.3 1~ to 8.5 where it remained 5 minutes. 2.5 ml. of these alkaline solutions was then precipitated with 10 ml. of boiling 10 per cent trichloracetic acid and the filtrate analyzed for nitrogen. The remaining 0.5 ml. of alkaline mixture was activated with N/10 hydrochloric acid and analyzed by the hemoglobin method. The alkaline borax instantly inactivates the pepsin formed. Subsequent activation and analysis is a measure of the pepsinogen in the original activation sample.
Amino nitrogen analyses by the Van Slyke method show that upon conversion of pepsinogen to pepsin there is a total increase in amino nitrogen of not more than 0.3 per cent of the protein or 2.0 per cent of the total nitrogen which is equivalent to nine amino groups per It is not known with certainty that the rupture of all nine of the linkages from which the amino groups were derived are involved or are necessary in the conversion. Part, if not all, of the 15-20 per cent of the non-protein nitrogen after being produced as a result of conversion of pepsinogen into pepsin combines with pepsin between pH 5.0-6.0 to form a dissociable inhibitor-pepsin complex. That it inhibits pepsin is readily demonstrated by the rennet method which is carried out at pH 5.8. The inhibitor pepsin complex dissociates upon dilution and upon acidification. It does not combine with pepsin in acid solution so that it does n o t affect t h e h e m o g l o b i n a c t i v i t y m e a s u r e m e n t b u t does elimin a t e t h e r e n n e t m e t h o d u n d e r c e r t a i n conditions. Hemoglobin.--This is the method of Anson and Mirsky (24) . Rennet.--The writer has combined several of the desirable features of the rennet methods of this and other laboratories into the following simple, rapid, and easily reproducible method.
Experimental Methods
Preparation of Copper
"Klim" Solution.--20 gin. of Klim are worked into a paste in a mortar with water, poured into a 100 ml. graduate, and 10 ml. of M/1 pH 5.0 acetate buffer is added, finally diluting the suspension to 100 ml. with water. This solution should be kept in the ice box when not in use and for precise work it should not be used after 5 days from the time it is made up. A control tube should not dot in 24 hours at 35°C.
Procedure.--5.0 ml. of the above Klim solution is brought to 35.5°C. in a water bath and 0.5 ml. of the pepsin solution diluted in **/10 pH 5.0 acetate is added.
The pipette should be held about 1 inch above the Klim solution and the last drop blown out of the pipette. The test tube containing the digestion mixture is now twirled once or twice to mix the solutions and to wash down any enzyme solution which may be on the side of the tube. A stop-watch is started as the enzyme is added. The tube is now left in the bath until a minute or two before it should clot and then the tube is tipped and slowly rotated so that the worker can examine a thin film of the solution which thickens and coagulates in small particles just before dotting. The end point is arbitrary and therefore depends upon the worker. However, the variation in the end point determined by two workers is not great. The writer has chosen the first definite recognizable change in the film of milk as the end point. The stop-watch is, of course, stopped at the end point. Constant tipping or rotating of the tube has practically no effect on the dotting time.
Enzyme Solutions.---0.5 or 1.0 ml. of a solution of crystalline pepsin containing 0.003-0.0001 rag. nitrogen per ml. when added to 5 or 10 ml. of a 20 per cent Klim solution at 35.5°C. will clot it in 1-30 minutes. Over this range the time of clotting is inversely proportional to the pepsin concentration and does not vary with the time of standing in the acetate buffer. In activation mixtures of pepsinogen, on the other hand, the ratio of dilution to dotting time is not constant as with crystalline pepsin but increases with dilution. At any given dilution the activity also decreases with time of standing in the acetate buffer. This latter effect is more striking when the activation mixture is diluted in •/10 pH 5.6 acetate instead of the M/10 pH 5.0 buffer. This and other evidence indicates the presence of inhibiting material which, although dissociated in acid thus not affecting the hemoglobin method, combines with pepsin at pH 5.0-6.0 and reduces its rennet action. The inhibiting material may be separated from pepsin and on mixing with purified pepsin will give effects similar to those noted for activation mixtures. Crystallization of pepsin from an activation mixture leaves the inhibiting material in the mother liquor. It has recently been found that replacement of M/10 pH 5.0 acetate buffer by M/1 pH 5.0 acetate as the solvent for the Klim solution will greatly diminish these inhibitor effects; also that the activation mixture should be diluted in water and the aliquot added to the Klim solution immediately.
Rennet Activity Units [P.U.]Ren'.--The writer has, for convenience, arbitrarily defined 1 rennet unit as the amount of enzyme which, under the above defined conditions, will clot 11 ml. of the enzyme-Klim mixture in 1 minute. This rennet unit is not to he confused with the previously described one (12) . The rennet activity of any solution is obtained then by dividing the dilution by the time in minutes required to clot the Klim. Thus, if 1.0 ml. of an enzyme solution was diluted to 500 ml. and 1.0 ml. was added to 10.0 ml. of the 20 per cent Klim or 0.5 ml. to 5.0 with a clotting time of 5 minutes, the original solution would contain 500/5 or 100
Reu. [P.U.]ml.
• The rennet activity per milligram of protein nitrorp U 1Ren. gent • .ling. P.N. for a number of different swine pepsin preparations is given in Table IV .
~$8 PROPERTIES OF SWINE PEPSINOGEN
Carbohydrate Estimation.--The method of estimating carbohydrate used in these experiments was a modification of the SCrensen-Haugaard method (20) . It is simple and rapid though not so precise or specific as the SCrensen-Haugaard scheme. The recent adaptation of their method by Heidelberger and Kendall (25) probably gives slightly more precise results than the writer's method which is as follows:
1.0 ml. of a solution of carbohydrate which will yield a color comparable to 0.1 mg. of glucose is introduced into a 50 ml. Erlenmeyer flask along with 15 ml. of 21.5 N sulfuric acid and 2.0 nil. of a 2 per cent solution of orcinol in 7.5 N sulfuric acid. The flask is placed in a stirred water bath at 80°C. -4-1.0 ° for 30 minutes after which it is cooled in cold water and read in an ordinary colorimeter against a similarly treated standard 0.1 mg. of glucose or against a solution of pepsinogen which had previously been standardized in terms of glucose. A green glass over the eye piece of the colorimeter aids in balancing the solutions. The color is stable for several hours and the writer has run a dozen or more samples at one time with ease and reproducibility.
Nitrogen l~stimations.--The technique of running the Kjeldahls was that previously reported (11) .
Protein nitrogens in the presence of appreciable amounts of ammonium sulfate were made by precipitating the protein from an aliquot with 5-10 volumes of boiling 5 or 10 per cent trichloracetic acid, cooling and filtering the precipitate, and washing it on the funnel with cold 2.5 per cent trichloracetic acid until the washings were free of ammonium ion as indicated by a negative Nessler test. The precipitate was then washed into a Kjeldahl flask and the nitrogen estimated as usual. With crude solutions of pepsinogen or in the presence of appreciable quantities of gastric mucin the protein nitrogens were very erratic due to incomplete precipitation or the solubility of the denatured material.
pH Estimation.--For the most part the pH determinations were colorimetric using the indicators recommended by Clark and Lubs (26) . In certain cases hydrogen quinhydrone and glass electrodes were used but those cases are indicated in the procedures of the individual experiments. The values obtained by the use of indicators are the pH values of molar tenth buffers which give the same color. SUMMARY 1. A m e t h o d is described for t h e preparation of pepsinogen from swine gastric mucosae which consists of extraction a n d fractional precipitation with a m m o n i u m sulfate solutions followed b y two precipitations with a copper hydroxide reagent u n d e r particular conditions. Crystallization as v e r y t h i n needles takes place at 10°C., p H 5.0 a n d from 0.4 s a t u r a t e d a m m o n i u m sulfate solution containing 3 -5 nag. protein nitrogen per milliliter.
